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$i, \Gamma\iota\frac{\partial\psi(x,t)}{\partial t}=-\frac{1}{2m}\frac{\partial^{2}\psi(x,t)}{\partial x^{2}}$ (1)
. $=1/2,$ $m=1$ ,
$[1, 2]$ .
$i \frac{\partial\psi(x,t)}{\partial t}=-\frac{\partial^{2}\phi(x,t)}{\partial x^{2}}$ (2)
3
3.1
1 Sch\"odinger . $N-1$ .
, . $N$ $\Delta x$ $1/(N-1)$ .
$0$ $N-1$ \mbox{\boldmath $\sigma$}) , $n$ ..
$\tau$ . , $\tau\Delta t$ , $n\Delta x$
$4^{l)}n,,\tau l$ .
[2]. $V=0$ , $\tau$ $\tau+1$
J\ \acute \supset .
$e^{i\Delta\iota\tau,.\prime\prime}’-\cdot.n\psi_{n\cdot,\tau}$ $\equiv$ $\{\begin{array}{ll}\alpha\psi_{n,\tau}+\beta\psi_{n+1,\tau} n=even_{\iota}\alpha\psi_{n,\tau}+\beta\psi_{n-1,\tau} n=odd\end{array}$ (3)
$e^{i\Delta t’\Gamma_{odd}}\psi_{n,\tau}$ $\equiv$ $\{\begin{array}{ll}\mathcal{O}l\psi_{n,\tau}+\beta\psi_{n-\lfloor_{\mathcal{T}}}, r|, =eve\cdot n\alpha\prime\psi_{n,\tau}+\beta\psi_{n+1,\tau} n=odd\end{array}$ (4)
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$\triangle\tau$, \triangle , (4)
(2) .
.
$0$ ) . , $\psi^{ti}$
$\psi^{o}$ .
$\psi_{j^{l}r}^{c}$ $=$ {$/$)$2j,\tau$ ’ $j=0,1,2,$ $\ldots N/2$
$\psi_{j,\tau}^{o}$ $=$ $\psi_{2j+1,\tau}$ , $j=0,$ $J,2,$ $\ldots N/2-1$ $(r))$
, $’\psi_{j_{\mathcal{T}}}^{e}$ $\psi_{j_{\mathcal{T}}}^{o}$ .
$\psi_{j,\tau}^{e}$ $=$ $\alpha^{2}\psi_{j,\tau}^{e}+\alpha\beta\psi_{j,\tau}^{o}+\alpha\beta\psi_{j-1,\tau}^{o}+\beta^{2}\psi_{j-1,\tau}^{e}$
$k/J_{j,\tau}^{o}$ $=$ $\alpha^{2\prime e}\psi_{j,\tau}^{o}+\alpha\beta_{\psi_{j,\tau}’}+\alpha\beta\psi_{j+1,\tau}^{e}+\beta^{2}\psi_{j\dashv\cdot 1,\tau}^{o}$ . (6)
4
4.1
(6) . $’\psi_{j_{\mathcal{T}}}^{e}$ $\psi_{j_{\mathcal{T}}}^{o}$,
\check $arrow-$ .
$\tilde{\psi}_{k,\tau}^{e}=\sum_{j=0}^{J-1}\psi_{j,\tau}e^{2i\pi_{\llcorner^{k}}}e^{-\neg}$ , $k=0,1,$ $\ldots,$ $J-1$
$\overline{\psi}_{k,\tau}^{o}=\sum_{j--0}^{J-1}\psi_{j,\tau}^{o}e^{-\frac{2^{1}\pi jk}{J}}$ , $k=0,1,$ $\ldots,$ $J-1$ (7)
(6) $\tilde{\psi}_{k,\tau}^{e}$ $\tilde{\psi}_{k,\tau}^{o}$ .
$[\tilde{\psi}_{k,\tau\sim|.1}^{6}\tilde{\psi}_{k,\tau-|\cdot|}^{o}]$ $=$ Af $[\hat{\psi}_{k,\tau}^{e}\tilde{\psi}_{k,\tau}^{o}]$ (8)




$\sum_{j\simeq 0}^{J-1}\psi_{j+,\tau}^{e^{\underline{2};_{n}k}}\downarrow.e^{-\sigma^{\llcorner}}$ $=$ $e^{\frac{o.:.r_{\backslash }k}{J}} \sum_{j=0}^{\prime-1}\psi_{j+1,\tau}^{e}e^{-\frac{21\pi(j+1)k}{}}$
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$e^{\frac{\vee\}\pi A\backslash }{J}}( \sum_{j=t}^{J-1}\psi_{j,\tau}^{e}e^{-\frac{2i\pi jk}{J}}+\psi_{J,\tau}^{e}e^{-\frac{2;_{7}\prime Jk}{J})}$
$e^{\frac{2i\pi k}{J}}( \sum_{j=1}^{J-1}\psi_{j,\tau}t^{\underline{2irjk}}e^{-j}+\psi_{0,\tau}^{e})$
$e^{\frac{2:\pi k}{J}}\hat{\sqrt 2}^{e}k,\tau$ (10)
4.2
$M$ $\theta=\pi\lambda:/J$
$\lambda_{1}=a^{:)}+b^{2}$ cos $2\theta+b$ cos $\theta g(\theta)$ (11)
$\lambda_{2}=a^{2}+b^{2}$ cos $2\theta-b$ cos $\theta g(\theta)$ (12)
$g(\theta)=\sqrt{4a^{2}-2b^{2}+2b^{2}\cos 2\theta}$ (13)









$\psi_{j,\tau}^{c}=\frac{1}{J}\sum^{J-1}\tilde{\psi}_{k,\tau}^{e}e^{-\frac{o\sim 1\pi jk}{J}}$ (16)
$k=0$







$\{\begin{array}{l}\psi 0(1, t)=0\underline{\partial\psi}\cup t\tilde{0}_{x}^{x}’|_{x=0}=\underline{\delta\psi}d\frac{x,t}{x}1|_{x=1}\end{array}$ (18)
,
$\psi(\prime r,0)=\sqrt{2}\sin(2\pi\kappa x)$ (19)
.
(18) (19) (2)
$\psi(x, t)$ $=$ $\sqrt{2\pi}e^{-i(2\pi\kappa)^{2}}{}^{t}sin(2\pi\kappa x)$ (20)
.
$\psi_{1\iota,0}$ $=$ $C_{\kappa}\cdot\sqrt{2}\sin(2\pi\kappa\Delta xn)$ (21)





$\tilde{\psi}_{k,()}^{e}$ $=$ $\sqrt{2}C_{\kappa}\sum_{-,j-- 0}^{J- 1}\sin(4\pi\kappa\triangle xj)e^{-\frac{2i_{V\prime}jk}{J}-}$ (23)
$\tilde{\psi}_{k,0}^{o}$ $=$ $\sqrt{2}C_{\kappa}\sum_{j=0}^{J-1}sin(2\pi\kappa\triangle x(2j+1))e^{-\frac{21nj}{\prime}}\underline{h}$ (24)
$N$ , $\tilde{\psi}_{k,0}^{e}$ .
(25)$\tilde{\psi}_{k,0}^{e}\approx\{-N^{\frac{1}{2}}+(\frac{\sqrt{\overline{2}}i}{8}+\frac{\sqrt{2}\kappa}{4})N^{-q}\overline{2}^{\frac{\frac{\sqrt{2}i}{\sqrt 2\kappa 4}k}{(k^{2}-\kappa}}7^{N^{-}F}i11$ $\kappa\neq kr_{\dot{\iota}}=k$
, $\tilde{\psi}_{k,0}^{o}$ $N$ , .
$\tilde{\psi}_{k,0}^{0}\approx\{\begin{array}{ll}-\frac{\sqrt{2}i}{4}N^{\frac{1}{2}}+(\frac{\sqrt{}\dot{2}\prime_{\dot{V}}\pi}{2}+\frac{\sqrt{2}}{8}i)N^{-\frac{1}{2}} \kappa=k\overline{2(}\overline{k}^{q}-\overline{\kappa}^{\Gamma})^{-N^{--\frac{1}{2}}}\sqrt{2}.\underline{\kappa}k_{\grave{l}}. \kappa\neq k\end{array}$ (26)
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6(14) $’\hat{\psi}_{k,\tau}|e$ $\tilde{\psi}_{k,\tau}^{o}$ $\lambda_{1}$ $\lambda_{2}$
. , 1 ,
.
$\lambda_{1}$ $=$
$e^{-i2\pi\nu\iota(\triangle t,,\Delta x)\Delta t\tau}$ (27)
$\lambda_{2}$ $=$
$e^{-- i2\pi\iota \text{ _{}\vee}’(\Delta t,\Delta x)\triangle t\tau}$ (28)
$\nu_{1}(\Delta t, \Delta x)$ $\nu_{2}(\triangle t, \Delta x)$ , .
$\Delta t$ , \Delta
. $\lim_{\Delta tarrow 0}$ \mbox{\boldmath $\nu$}i(\Delta , $\Delta x$) $\Delta t(i=1,2)$ $f_{i}(\Delta x)$
$\int_{1}(\Delta x)=\overline{\triangle}^{\overline{2}}\frac{2}{x}\sin\pi(\frac{k\pi\Delta x}{1+\Delta x})^{2}$ (29)
$f_{2}( \Delta x)=\frac{2}{\Delta x^{2}\pi}\cos(\frac{k\pi\Delta x}{1+\Delta x})^{2}$ (30)
. $\Delta x=0$
$f_{1}(\Delta x)$ $=$ $2k^{2}\pi-4k^{2}\pi\Delta x+\mathcal{O}(\Delta x^{2})$ (31)
$f_{2}(\Delta x)$ $=$ $\frac{2}{\pi\Delta x^{2}}-2k^{2}\pi+.4k^{2}\pi\Delta x+O(\Delta x^{2})$ (32)
$-\tau,$ $\beta_{1}$ $\Deltaarrow 0$ $2k^{2}\pi$ , $f_{2}$ . $\Delta t\underline{\succ}\Delta x$
$()$ ,
$fi$ , $f_{2}$ . $\sigma$) ,
$\Deltaarrow 0$
.
7 $\Delta t$ $\Delta x$
$\Delta t$ $(\triangle x)^{2}$ . $\Delta x$ ,
, $\Delta x$ ,
, $N$ $\kappa=k$
,
$\psi_{j,\tau}^{e}=\psi_{j,\tau}^{o}=\frac{1}{\sqrt{N}}e^{-\cdot i(2\pi(2k^{2}\pi\cdot- 4k^{2}\pi\Delta x)\Delta t\tau+4\pi\kappa\cdot\Delta xj)}$ $(*:\}3)$
. , \Delta $\ll(\Delta x)^{2}$ ,
$4k^{2}\pi\Delta x$ .
$\epsilon\equiv\Delta t/\Delta\tau^{2}$ $\Delta x$ $\Delta t$ $0$ ,
$\nu\iota$ , .
$\Delta_{:t-}\mathfrak{d}1irn,\nu_{1}(\epsilon\triangle^{2}x, \Delta x)arrow\frac{2k^{2}\pi.\tan\epsilon}{\epsilon}$ (34)
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, $\epsilon\neq 0$ $2k^{2}\pi$ .
, $\Delta t_{J}$ $\Delta x^{2}$
,\rceil ’-\forall - \rightarrow ‘ . , $\Delta t/\Delta x^{3}=1$
, $\Delta x=0$ $\nu_{1}$ $0$ .
$\nu_{1}(\Delta^{3}x, \Delta x)\approx 2k^{2}\pi-4k^{2}\pi\Delta x$, $\Delta xarrow 0$ (35)
8
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